The paper investigates the empirical significance of revenue management in determining firm-level fixed capital investment when investment opportunities are controlled for by two of the recently-introduced empirical fundamentals: profitability shocks and the gap measure between the desired and actual capital stocks (mandated investment rate). Tobin's q is also included in the analyses for the purpose of comparison. The data set, which is constructed from the COMPUSTAT database, includes U.S. based manufacturing firms. The results show that financial variables are important determinants of investment but they are not as significant as claimed by some empirical studies focusing on capital market imperfections. The explanatory power of financial variables in the investment process declines with increasing significance of fundamentals. Another interesting result is that the level of investment by expected-to-be financially constrained firms, identified by commonly used a priori measures of financial constraints, tends to be relatively less sensitive to changes in financial variables compared to changes in fundamentals even though the opposite is predicted in the literature. This result questions whether investment-cash flow sensitivity can be a good measure of financial constraints, as well as whether some of the firm characteristics used in identifying financially constrained firms in the literature are sufficient.
Introduction
Empirical fundamentals, such as average Tobin's q, have produced disappointing empirical results in explaining the investment process of firms in the neoclassical investment literature.
Even though the Q theory shows that a firm's marginal q should be the only determinant of investment, a well-developed literature shows that investment is sensitive to a firm's internal fund management after controlling for Tobin's q, the ratio of asset market value to replacement cost of capital. Possible explanations for this high investment-internal fund sensitivity are investigated in two groups: the presence of financial market imperfections or the existence of measurement problems related to average Tobin's q, which prevent it from fully capturing investment opportunities.
In the first group, the financial market imperfections literature assumes that firms' net worth determines their financial position. When a firm's net worth is low, this firm can be considered financially constrained since it is likely to face an asymmetric information problem in financial markets, which makes it difficult for them to find enough external funds to finance their investment projects. Even if they could find external funds, they would be too expensive compared to the opportunity cost of internal funds. 1 Because of this, their investment decisions are expected to be highly correlated with their internal funds. Firms with high net worth, on the other hand, are expected to have a smaller asymmetric information problem; thus, they can find enough external funds to finance their capital adjustment, and follow the investment process suggested by changes in fundamentals. This implies that the investment decision of firms with high net worth would be independent of the availability of their internal funds. Indeed, the empirical literature investigating financial market imperfections shows that firms that are classified as financially constrained using a priori criteria present a larger sensitivity of investment to internal funds even after investment opportunities are controlled for by fundamentals, where the most commonly used one is Tobin's q. 2 In the second group of studies, the presence of measurement error problems related to fundamentals is given as an alternative explanation for why financial variables would appear empirically more significant than fundamentals in determining investment. The lack of importance of Tobin's q in determining investment can be caused by the possibility that it does not properly capture the quality of firms' investment opportunities. They argue that when measurement errors are controlled for, fundamentals become significant determinants 1 In the literature, it has been shown that the premium on external finance varies inversely with the firm's net worth such that a fall in net worth causes the premium on external finance to increase, which may lead to a reduction in investment. Some examples of these studies are: Bernanke and Gertler (1990) , Bernanke, Campbell and Whited (1990) , Whited (1992) , Hu and Schiantarelli (1998) , Gilchrist and Himmelberg (1998) , and Jaramillo, Schiantarelli, and Weiss (1996) . 2 See Kashyap, Lamont and Stein (1994), Carpenter, Fazzari and Petersen (1998), Hoshi, Kashyap, and Scharfstein (1991) among others. See Schiantarelli (1996) and Hubbard (1998) for surveys. of investment. Thus, as long as proper measures of investment opportunities are introduced, cash flow or other financial variables are not expected to add any new information in reduced form investment regressions. 3 New measures of fundamentals are introduced in the literature to overcome measurement error problems. For example, Himmelberg (1995 and introduce a "Fundamental Q" measure, which is the present discounted value of future profit rates. They show that investment is more sensitive to this fundamental compared to Tobin's q, but financial variables are still significant determinants of investment.
Recent papers based on investment models with non-convex adjustment costs have also introduced alternative empirical measures of fundamentals, two of which are profitability shocks and the gap measure between the desired and actual capital stocks (mandated investment rate). 4 Given these recently-introduced alternative empirical fundamentals, which are expected to better capture investment opportunities than Tobin's q, the question investigated in this paper is whether the relative significance of firms' financial position in the investment process may change when investment opportunities are controlled for by these new fundamentals. 5 The answer to this question helps us better understand the relationship between fundamentals and investment, and between financial variables and investment, both of which are investigated extensively in the investment literature. The aim is to shed light on the extent to which the investment-financial variable sensitivity can be linked to capital market imperfections versus mismeasured fundamentals.
The analyses in this paper are based on a reduced form investment equation, in which both fundamental determinants of investment and revenue indicators are taken as explanatory variables. A panel data set at the firm level is constructed from the COMPUSTAT database. The data set includes U.S. manufacturing firms for the period of 1983-1996. The fundamental determinants of investment are represented by profitability shocks and the gap measure. 6 Tobin's q is also included for the purpose of comparison. Financial variables are represented by the ratio of cash flow to capital, sales to capital, and working capital to capital.
The empirical results show that revenue management and financial variables indicators 3 Kaplan and Zingales (1995 and 1997), Gomes (2001) , Erickson and Whited (2000) , Cooper and Ejarque (2003) , and Abel and Eberly (2003) study this issue. 4 See Caballero, Engel and Haltiwanger (1995), Cooper and Haltiwanger (2005) , and Cooper and Ejarque (2003) . These fundamentals are compared with "Fundamental Q" and Tobin's q in Bayraktar (2002) . They are found to be more significant in explaining investment compared to Tobin's q and "Fundamental Q." Bayraktar, Sakellaris, and Vermeulen (2005) show that financial variables are also important in determining investment in addition to fundamental determinants, using a structural investment model based on both convex and non-convex adjustment costs, where fundamentals are measured by profitability shocks. 5 Despite the fact that the new fundamentals are constructed using current variables, they present a forwardlooking behavior. 6 A "Fundamental Q" measure calculated by Himmelberg (1995, 1998) is not included since they have already reported that the signifinance of financial variables drops when investment opportunities are captured by "Fundamental Q." are still important determinants of investment, but they are not as significant as claimed by studies focusing on capital market imperfections. The findings indicate that the explanatory power of financial variables in the investment process declines with increasing significance of fundamentals. On the one hand, the explanatory power of financial variables in a reduced form investment equation is the lowest when investment opportunities are measured by the gap between the desired and actual capital stocks. 7 Tobin's q, on the other hand, is the weakest determinant of investment, and financial variables have the highest explanatory power for investment when Tobin's q is the proxy for investment opportunities. Thus, this result implies that the previous empirical failure of fundamentals against financial variables might be caused by measurement errors in fundamentals. When investment opportunities are captured better, the statistical and economic significance of financial variables drops.
Similar analyses are repeated after firms are classified into different groups using two alternative a priori criteria, which are commonly used in the capital market imperfections literature to identify financially constrained firms. The firm characteristics used in determining financially constrained firms are the level of capital stock and the number of employees. The empirical results based on these sub-samples report how the response of investment to fundamentals, and to revenue indicators changes, depending on whether firms belong to a financially constrained or relaxed group. It is expected that firms with financial constraints exhibit a significant investment-cash flow sensitivity than firms that appear less financially constrained. An interesting result is that when profitability shocks and the mandated investment rate are the fundamentals, the sensitivity of investment to financial variables, such as cash flow to capital ratio, tends to be lower for expected-to-be financially constrained firms even though the opposite is expected in the literature. However, when Tobin's q is the fundamental measure, the results are as expected in the literature, such that financial variables are more important in determining investment for firms taking place in a financially constrained group. One implication of this result is that a high investment-cash flow sensitivity may not be seen as evidence of financial constraints. A high sensitivity of investment to financial variables for financially constrained firms might be caused by the fact that investment opportunities are captured by insufficient measures of fundamental such as Tobin's q. 8 The results also imply that a priori criteria used in classifying firms may not be that successful in identifying financially constrained ones.
The rest of the paper is organized as follows. Section 2 gives information about the relationship between investment, fundamentals, and financial variables. In Section 3, details on the data set and variables are given. In Section 4, the empirical results are presented. Section 5 concludes.
Investment, Fundamentals, and Revenue Indicators
The Q theory of investment presents a formal link between a firm's investment and marginal q, and shows that marginal q should be the sole determinant of investment. This result can be illustrated using the following neoclassical model with convex capital adjustment costs. The purpose of the competitive firm's manager is to maximize the present discounted value of the firm:
subject to the following constraint:
where the subscripts i and t denote the firm level variables and time period, respectively. V (·) is the value function, βE A it+1 |A it V (·) is the present discounted future value of the firm, C(·) is the investment cost function, I it stands for investment, K it is the current capital stock, and δ is the depreciation rate. A it is the profitability shock in period t. Π(·) is the profit function. β is the fixed discount factor. It is assumed that both C(·) and Π(·) are homogenous of degree one in investment and capital (homogeneity assumptions). C(·) is assumed to be a convex function such that:
Given these assumptions, we can scale equation (1) by
where
Maximizing equation (3) gives the following first order condition:
From equation (2),
If we combine equations (4) and (5), the investment rate is going to be a function of marginal q
where βE A it+1 |A it v(A it+1 ) is marginal q. Given homogeneity assumptions listed above, it can be shown that marginal q is equal to average q.
Since marginal q is not empirically observable, it is replaced by average q (Tobin's q) in empirical studies. The explanatory power of Tobin's q for investment has not only been found to be negligible, but they have also produced extremely high parameter estimates for capital adjustment cost functions, which is γ in the model presented above. The empirical failure of neoclassical investment models has led to a search for alternative determinants of investment in the literature. One of the most prominent group of studies focuses on the importance of the financial position of firms in explaining their investment behavior. It is theoretically assumed that firms' net worth determines their financial position, which, in turn, determines their investment behavior. Firms with low net worth are considered financially constrained since they are likely to face an asymmetric information problem in financial markets, which prevents them finding cheap external funds to finance their investment projects. In this case, investment are expected to be highly correlated with internal funds. Firms with high net worth, on the other hand, are expected to have a smaller asymmetric information problem; thus, they can borrow external funds, and follow the investment process suggested by fundamentals, independent of the availability of their internal funds.
It has been empirically shown that investment is sensitive to internal funds after controlling for q, using a reduced form investment equation, which can be written, in general terms, as follows:
where i represents firms and t represents years. i it is the investment rate at firm i in period t. While x is a fundamental measure used in capturing investment opportunities, F V captures financial variables and revenue indicators such as net worth or internal funds. T represents a set of time dummies, and F represents a set of firm dummies used in removing fixed effects. u is the error term. This regression equation estimates the sensitivity of investment to changes in internal funds, F V , controlling for investment opportunities, x. If fundamentals are the sole determinants of investment, as specified by the Q theory, the coefficient of F V should be statistically insignificant, given that fundamentals are not mismeasured. In the literature, the equation is estimated separately for financially constrained and unconstrained firms, which are identified by a priori proxies. The purpose is to distinguish between possibly mismeasured fundamentals and capital market imperfections. 9 It has been shown that the sensitivity of investment to financial variables is higher for financially constrained firms, which has been taken as evidence in favor of capital market imperfections. There are three basic issues in the financial market imperfections literature: determining good proxies for internal funds, identifying financially constrained firms, and capturing investment opportunities by variables expected to be free of mismeasurement problems. The cash-flow-to-capital ratio is the most commonly used financial variable to capture changes in internal funds in the investment equation. One would expect that financial constraints should make investment more responsive to this ratio. Even though it is used extensively in the existing literature, its ability to capture the financial position of firms is questionable. The basic problem is that cash flow may contain information on future profits as well as on firms' financial position. In addition, cash flow may not be a good measure of changes in firms' net worth. Because of this, alternative financial variables, which are hopefully less correlated with investment opportunities, have been introduced. One alternative is stock measures of internal funds since they are less directly linked to investment opportunities. A commonly used candidate is the cash-and-equivalents-to-capital ratio, which captures the short-term liquid asset position of firms. Another stock measure is the ratio of working capital (current assets minus current liabilities plus inventories) to capital, which captures the leverage position of firms net of current liquid assets (Gilchrist and Himmelberg, 1998) . Tax payments can also be an instrumental variable for cash flow (Hubbard, Kashyap, and Whited, 1995) . The sales accelerator investment demand literature claims that the availability of internal funds depends on sales; investment therefore should be responsive to fluctuations in the sales ratio. Thus, the sales-to-capital ratio is another variable used by the existing literature.
With regard to identifying financially constrained firms, the level of dividend to income ratio is a commonly used indicator. Fazzari, Hubbard, and Petersen (1988) group firms according to this a priori measure of financial constraints, and compare the investment-internal funds sensitivity of different groups. More specifically, they indicate that if information problems in capital markets cause financing constraints on investment, this should be most clearly seen for firms that retain most of their income. Thus, one would expect that the lower the dividend payout ratio is, the more financially constrained firms are. The reason for this expectation is that if firms pay a high dividend relative to their income, they reveal that the opportunity cost of their internal funds is low, so they are financially unconstrained. The size of firms in terms of their capital stock, total assets, or the number of employees is also used in selecting financially constrained firms, where smaller firms are expected to be more financially constrained. One explanation is that external funds have a significant fixed cost component creating increasing returns, thus, smaller firms have to pay higher costs to obtain external costs. Another restriction on the availability of external funds for smaller firms is that public information about their investment projects is generally more limited. Another set of variables used in identifying financially constrained firms is their debt structure. Whited (1992) and Calomiris, Himmelberg, and Wachtel (1994) group firms depending on whether they have bond ratings or not. They argue that public debt issuance is a good indicator of firms' financial position since it provides a low-cost access to capital markets. Firms' stock or flow debt burden might be another indicator of financial problems, where debt stock is defined as the market value of debt over the total market value of firms, and debt flow is defined as interest expense over current asset (Bernanke, Campbell, and Whited, 1990 ). Other possible measures of debt burden are interest coverage, which is interest expenditure over interest expenditure plus cash flow (Whited, 1992) , and the ratio of liquid assets to capital (Hu and Schiantarelli, 1998) . One would expect that the larger the debt burden is, the more financially constrained firms are since they are expected to pay higher premiums to obtain external funds. Not only are many different indicators used in identifying firms with financial problems, but their cut off values also differ across studies, which use the same indicator to determine financially constrained firms. 10 Despite the presence of a large range of financial variables used in determining firms' financial position, most empirical studies use only average Tobin's q as a proxy for investment opportunities. 11 Theoretically, the correct measure of capturing investment opportunities is marginal q, which is defined as the present discounted value of future profits generated by an additional unit of capital. Since marginal q is not empirically observable, different substitutes are introduced in empirical studies such as Tobin's q, defined as the ratio of firm's average value to its capital stock. Empirical results show that the explanatory power of Tobin's q in investment equations is much weaker compared to financial variables, where a possible reason for this failure would be inadequacy of average Tobin's q in capturing investment opportunities due to measurement errors. 12 Gomes (2001) argues that if fundamentals are measured accurately, there is no reason for financial variables to be significant determinants of investment even if financial constraints are present, since information on the financial position of firms is expected to be already included in fundamentals. A recent investment literature based on non-convex capital adjustment cost models introduces new measures of fundamentals, two of which are profitability shocks and the gap measure between the desired and actual capital stock. 13 In this paper, these two fundamentals are taken as proxies for investment opportunities to better understand whether sensitivity of investment to financial variables can be explained by measurement errors in fundamentals. One advantage of these fundamentals is that, even though they are constructed using current variables, they present a forward-looking behavior. Since profitability shocks are serially correlated, the current value of shocks gives information about future profitability. The gap measure between the desired and actual capital stocks is also informative about future investment behavior since the magnitude of the gap determines whether a firm invests in the current period or in the future. Because of this, the correlation between these fundamentals and internal funds is low. 14 
Data and Variables
The main data source is the COMPUSTAT firm-level database. The data set, covering the period from 1983 to 1996, includes U.S. manufacturing firms. 15 The total number of firms is 463 and the total number of panel observations is 6450. 16 The following sub-sections introduce main variables used in the study. 12 Erickson and Whited (2000) , using measurement error-consistent generalized method of moments estimators, also find that investment-cash flow sensitivity might be reasoned by measurement error. Also see Kaplan and Zingales (1995 and 1997), Cooper and Ejarque (2003) , and Abel and Eberly (2003) . 13 See Caballero, Engel, and Haltiwanger (1995) and Cooper and Haltiwanger (2005) . As investigated in Bayraktar (2002) , these measures are more successful in explaining investment than Tobin's q.
14 For example, the correlation between the profitability shocks and the cash flow to capital ratio is only 0.25 as shown in Bayraktar (2002) . 15 Since the retirement data, used in constructing investment series, were not collected since 1996, the following years are not included in this study. 16 The balanced data set would have had 6482 observations. Detailed information on the data set and variables is given in Bayraktar (2002).
Investment
The definition of capital includes plant, property, and equipment, and investment is defined as capital expenditure net of capital sales, including capital retirements. 17 The replacement value of capital is calculated using a perpetual inventory method as follows:
where K t is the real capital stock, I t is real investment, which is calculated by deflating the nominal value by the 4-digit investment price index. δ is the 2-digit depreciation rate from the Bureau of Labor Statistics (BLS) database. It is equal to the average value of the depreciation rates for the period of 1981-1996. The investment rate is defined as the ratio of real investment to the replacement value of capital. The distribution function of the investment rate is presented in Figure 1 . Since investment is net of sale of capital, there are negative investment rates available, corresponding to nearly 10 percent of the total observations. Descriptive statistics are given in Table 1 .
Revenue Indicators and Financial Variables
The following financial variables are used in capturing the effects of internal funds on investment:
• Cash flow to capital ratio: The ratio of the book value of cash flow to the beginning of period book value of gross total plant, property, and equipment (PPE).
• Sales to capital ratio: The ratio of the book value of net sales revenue to the beginning of period book value of PPE.
• Working capital to capital ratio: The ratio of the book value of working capital (the difference between current assets and liabilities) to the beginning of period book value of PPE.
The following a priori proxies are used in identifying financially constrained firms:
• Book value of PPE stock: Small firms are expected to be financially constrained.
• Number of employees: Firms with a less number of employees are expected to be financially constrained.
Fundamentals
The purpose of this study is to assess the explanatory power of internal funds when firms' investment opportunities are proxied by the mandated investment rate and the profitability shocks, where the last one is calculated following two different ways. Besides these fundamentals, Tobin's q is also included for the purpose of comparison.
The Mandated Investment Rate
Caballero and Engel (1994) try to explain the lumpy nature of investment using a model based on the standard (S,s) literature. They measure imbalances in capital as the gap between the desired and actual capital stocks (the mandated investment rate). In their model, the investment rule is that once the measure of imbalance reaches a threshold value, the capital adjustment occurs at once. The reason for firms to wait until they reach the trigger point is explained by the presence of non-convex adjustment costs, describing an increasing returns on capital adjustment technology. This model is empirically studied by Caballero, Engel, and Haltiwanger (1995). 18 They show that the response of investment to the gap is nonlinear, supporting the availability of non-convex capital adjustment costs. The mandated investment rate, x it , is defined as the deviation of the desired capital stock from the actual one such that
where e k it and k it−1 represent the natural log of desired and actual capital stocks in firm i at time t. While positive values of x it indicate capital shortages, negative ones indicate excess capital. Desired capital refers to the stock of capital that a firm would hold if adjustment costs were momentarily removed. It is constructed under the following assumptions. First, it is assumed that desired capital is proportional to the log of frictionless capital stock,
where d i is a firm-specific constant. 19 Frictionless capital is the stock of capital that a firm would hold if it never faced adjustment costs. The second assumption is that frictionless stock of capital, k * it , is determined by a neoclassical model. This model produces the following empirical equation for the gap measure: 20
where y it and c it represent the natural log of the value of output and cost of capital in firm i at time t, respectively. η i is assumed to be equal to (1/(1 − α)) where α is the cost share of capital. ψ i is the long-run elasticity of capital with respect to its cost. The third assumption is the estimation of ψ i from a cointegrating regression of the natural log of the capital-to-output ratio on the cost of capital at the 2-digit industry level using firm-level panel data. 21 This coefficient can be interpreted as the long-run elasticity of capital with respect to its cost. Bayraktar (2002) calculates the average value of this measure as -0.68. This value is close to -1, which is the long-run elasticity in neoclassical models. After calculating frictionless capital, the firm-specific constant, d i , is estimated by taking the average gap between k it−1 and k * it for the five points with investment closest to median investment, which can be thought as maintenance investment.
Profitability Shocks
The second variable capturing investment opportunities in this paper is the idiosyncratic profitability shock. Cooper and Haltiwanger (2005) display that the empirical relationship between the investment rate and profitability shocks is nonlinear and asymmetric such that the response of investment to positive shocks is much stronger than its response to negative shocks. They show that this behavior of investment is better explained when both convex and nonconvex adjustment costs are taken into account together in a model. The profitability shocks can be presented in the following firm-level profit function:
where A it is the profitability shock, which consists of both aggregate and idiosyncratic components, θ is the curvature of the profit function, and K it is the firm level capital stock. θ is estimated by regressing the natural log of net profit (net of cost of production) on the log of the replacement value of capital stock using firm-level panel data. 22 There are two alternative ways of calculating A it . The first way calculates A it by regressing the log of profits on the log of real capital. Time dummies are included to remove the effects of aggregate profitability shocks.
where ra it is the error term taken as idiosyncratic profitability shocks, named as residual profitability shocks from now on.
The second way calculates A it indirectly through the first order condition for profit maximization with respect to employment. Since the employment series are more reliable, the second way allows us to avoid possible measurement errors in profit data. In this case, A it is going to be a function of the shocks to revenue, c A it , and other parameters such that: 23
where ξ the price elasticity of demand, α K and α L are the shares of capital and labor costs, respectively, and w is the wage level. The aggregate shocks are calculated as the annual mean of A it , and the idiosyncratic component of A it , presented by a it , is taken as the deviation from this mean. a it is named, from now on, as profitability shocks from the first order condition. 24 
Tobin's q
Tobin's q (average q), the ratio of the market value of firms to the replacement value of capital, is the most commonly used fundamental determinant of investment in the literature. 25 There are many different ways available to measure the market value of firms and the replacement value of their capital stocks. In this study, the definition of Tobin's q is the one used by Barnett and Sakellaris (1998) . 26 The numerator is the sum of the market value of common stock, the liquidating value of preferred stock, the market value of long-term debt and the book value of short-term debt. The denominator, on the other hand, is the sum of the replacement value of fixed capital and inventories.
Empirical Results
In this section, the following reduced form investment equation is estimated using a least squares regression technique for panel data:
where i represents firms and t represents years. i it is the investment rate at firm i in period t. While x it is a fundamental measure capturing investment opportunities, F V captures 23 Details on calculation of these shocks are given in Appendix A.3. 24 The correlation coefficient between rait and ait is given as 0.55 in Bayraktar (2002) . 25 Hayashi (1982) and Abel (1979) report that the neoclassical model with convex adjustment costs yields a q value, which is known as marginal q. Since it is not empirically feasible to calculate this marginal value, the average value of q can be used as a proxy for the marginal value under some strict assumptions, as shown in Section 2. The assumptions are that firms have a linear homogeneous net revenue function, and operate in perfectly competitive markets. 26 Details on the calculation of these variables are given in Appendix A.1.
financial variables and revenue indicators such as net worth or internal funds. T represents a set of time dummies, and F a set of firm dummies to remove fixed effects. u is the error term. In this equation, four different fundamentals are included: two types of profitability shocks, the gap between the desired and actual capital stock (mandated investment rate), and Tobin's q. Since Bayraktar (2002) shows that the relationship between the investment rate and these fundamentals is nonlinear, the squared term of fundamentals is also included. 27 In this study, the cash flow to capital ratio, the ratio of sales to capital, and working capital to capital are included as financial variables. 28 In addition to full sample analyses, the sample is split into sub groups using six alternative a priori criteria to identify financially constrained firms. The criteria introduced in this study are the size of capital stock, number of employees, dividend to capital ratio, dividend payout ratio, debt to capital ratio, and firms' bond rating. 29 In the following sections, the full sample results are reported first, then the sub-sample results are presented according to the size of capital stock and the number of employees.
Full sample results
The estimated coefficients are reported in Table 2 . Four sets of results, corresponding to each fundamental determinant of investment, are presented in the table. In the first column, financial variables are excluded from the explanatory variable set. In the following columns, different financial variables are introduced. By comparing the results in the first column and in the following columns, the marginal explanatory power of financial variables can be understood.
The estimated coefficients of both the linear and squared terms of the fundamentals, including Tobin's q, are statistically significant at 1 percent. When we check the results without financial variables, the highest adjusted R 2 , on the one hand, belongs to the regression result with the mandated investment rate. The regression result with Tobin's q, on the other hand, produces the lowest adjusted R 2 . Some of these results are comparable to the ones reported in previous studies. For example, Barnett and Sakellaris (1998) present regression results for Tobin's q and its squared term. Even though their data set is also constructed from the COMPUSTAT database, their sample period and the definition of investment is 27 Related to the nonlinear relationship between fundamentals and investment, also see Barnett and Sakellaris (1998), Barnett and Sakellaris (1999) , and Abel and Eberly (2002) . 28 All these ratios are calculated using the book values. The results do not change when the real values are used instead. In addition to the financial variables mentioned above, the ratio of cash and equivalence to capital and the ratio of tax payments to income are also included. But the results are not reported because the ones with the cash and equivalence to capital ratio were similar to the results with the ratio of cash flow to capital, and the statistical significance of tax payments was negligible. 29 The definitions of these variables are given in Section 3.2. Besides them, other criteria such as total assets, real capital stock, flow and stock of debt burdens, and interest coverage ratio are also introduced. But, the results are not reported in the paper since they produce similar results. different. These differences in the data sets are reflected in results. While the estimated coefficient of Tobin's q is 0.057 in Barnett and Sakellaris (1998), it is 0.19 in this paper. On the other hand, while the value of the coefficient of the squared term is -0.006 in their study, it is 0.043 in this paper. The results with the profitability shocks obtained from the first order condition (ait) can be compared to the results presented in Cooper and Haltiwanger (2002) . Even though they use plant-level data in their analysis, the values of the estimated coefficients are close to each other. While their estimates are 0.316 and -0.041 for the level and squared terms of shocks, respectively, these values are 0.208 and 0.010 in Table 2 .
The results with the cash flow ratio (CF _K) are reported in the second column of the table. This variable is statistically significant in each regression except when the mandated investment rate (kit) is the fundamental measure. This means that the sensitivity of investment to CF _K is negligible when investment opportunities are controlled for by the mandated investment rate. The other interesting result is that while the inclusion of CF _K does not much change the value of the adjusted R 2 in the first three sets, it jumps from 0.056 to 0.134 when Tobin's q is the fundamental measure. The sensitivity of investment to CF _K is also considerably higher in the last case. Since the cash flow-to-capital ratio is one of the most commonly used financial variables in investment regressions, there are several comparable studies in the literature. For example, Fazzari, Hubbard, and Petersen (1988) find that the estimated coefficient of the cash flow ratio is approximately around 0.52, where they include only the level of Tobin's q to capture investment opportunities. The estimated value of the cash flow ratio in Table 2 is 0.48 when Tobin's q is the fundamental measure and its squared term is included as well.
When the effect of financial variables are captured by the ratio of sales to capital (Sales_K), we obtain similar results, as reported in column 3. The basic difference is that the estimated coefficient of Sales_K is also statistically significant when the mandated investment rate is the fundamental variable. Again the sensitivity of investment to this financial variable gets the highest value when Tobin's q is the fundamental measure. The ratio of working capital to capital (W orkingK_K) contributes to the explanation of investment in a statistically significant way in each equation. As is the case in other results, the sensitivity of investment to W orkingK_K is the highest with Tobin's q and the lowest with the mandated investment rate.
Overall, even though revenue indicators and financial variables are still significant determinants of investment, the results show that the explanatory power of financial variables drops when investment opportunities are controlled for by the new fundamentals. As discussed in Section 2, the results support the idea that the significance of financial variables in determining investment may be reasoned by mismeasured fundamentals, which prevent them capturing investment opportunities successfully. 30 
Results Based on Sub-samples
In the following sub-sections, the question of how the relationship between investment, fundamentals, and revenue indicators changes when firms are grouped into sub-samples according to their financial positions, using a priori criteria extensively observed in the literature. These different criteria provide alternative definitions of financially constrained status.
Size of Capital Stock
The first criteria are the size of firms in terms of their capital stocks. Small firms are defined as the ones with the average capital stock in the bottom half of the empirical distribution. While Class 1 stands for the group of small firms, Class 2 is the group of large firms. One would expect smaller firms to be financially constrained, since costs of getting external funds are presumably higher for them, and public information about their investment projects is generally more limited. These facts restrict their ability to find external funds. Since small firms are expected to be financially constrained, their investment should respond less to changes in fundamentals, but more to internal funds.
The average values of variables for these two groups of firms are reported in the first two columns of Table 3 . The average investment rate in both groups is similar. The growth rate of sales for small firms is 21 percent versus only 7 percent for large firms. This means that small firms grow much faster. The earnings retention rate is higher for small firms, while the dividend payout ratio is lower. While the average value of Tobin's q is much higher for small firms, indicating that these firms are supposed to invest more, the working capital ratio of small firms is also higher. When the average values of fundamentals are compared in two groups, they are closer for the profitability shocks and the mandated investment rate.
The estimation results for firms with small versus large capital stocks are presented in Table 4 . In almost each case, while the coefficient of the linear term of the fundamentals is larger for small firms, the coefficient of the squared term is lower. One possible reason for this result might be lower non-convex capital adjustment costs, such as fixed costs, for smaller firms. As a result, these firms can linearly follow investment opportunities. In each set, the adjusted R 2 is lower for small firms, indicating that the explanatory power of the fundamentals and financial variables for investment is lower. For this group, this gap is relatively larger in the results with Tobin's q, where the adjusted R 2 is 0.047 for small firms, and 0.263 for large firms, given that financial variables are excluded.
Another interesting observation is that when we compare the relative magnitudes of the estimated coefficients, large firms' investment is more sensitive to changes in financial variables and revenue indicators even though these variables are expected to be more important for smaller firms in the literature. 31 The exception is Tobin's q, for which the coefficients of financial variables are higher for smaller firms as presented in many empirical studies. In the capital market imperfections literature, smaller firms are identified as relatively more financially constrained since their investment is more sensitive to changes in internal funds. But this result is not observed when investment opportunities are controlled for by new fundamentals. In fact, the coefficient on CF _K is negative but statistically insignificant for smaller firms when the mandated investment rate is the fundamental measure. There might be different reasons for why less financially constrained firms exhibit higher investment-internal funds sensitivity. As specified by Kaplan and Zingales (1997 and 2000), one possible reason could be excessive conservatism by managers, which may be caused by the way firms are organized or non-optimizating behavior of managers.
Number of Employees
The second criteria are the size of firms in terms of the number of employees. Small firms are defined as the ones with the average number of employees in the bottom half of the empirical distribution. As was the case in the first set of results, while Class 1 stands for the group of small firms, Class 2 is the group of large firms. Since firms with a low capital stock typically have few employees, the results obtained using this new criteria are similar to the first set of results. The average values of the variables, when firms are grouped according to the number of employees are reported in the third and fourth columns of Table 3 . Again smaller firms grow faster, retain a higher fraction of their income, and pay fewer dividends as a proportion of their income. The average investment rate is a bit higher for small firms, where it is 14 percent for smaller firms on average, and 12 percent for large firms.
The estimation results for these two classes are presented in Table 5 . As was the case in Table 4 , the sensitivity of investment to the linear term of the fundamentals is higher for smaller firms; but the sensitivity of investment to the squared term is higher for larger 31 The high sensitivity of investment to the cash flow ratio for financially unconstrained firms is also observed in the study by Kaplan and Zingales (1997). The least constrained and the most financially successful firms in their sample seem to depend primarily on their cash flow to finance their investment despite the availability of additional low cost funds. In their study, they use Tobin's q to control investment opportunities, and classify firms as financially constrained by undertaking an in-depth analysis of firms. Erikson and Whited (2000) also show that cash flow does not matter, even for financially constrained firms once measurement errors are corrected.
firms. The adjusted R 2 value is higher for larger firms in each case. The magnitude of the estimated coefficients on financial variables is higher for larger firms except when the fundamental measure is Tobin's q. This indicates that results are robust whether the sample is split by the size of capital stock or by the number of employees.
Conclusion
The question investigated in this paper is whether the empirical significance of revenue management in determining firm-level investment would be explained by measurement errors in fundamentals, especially in Tobin's q. In order to answer this question, it is investigated how the empirical relationship between the investment rate, revenue indicators, and financial variables change when investment opportunities are proxied by profitability shocks and the mandated investment rate, both of which would be good alternatives to Tobin's q. The methodology is the estimation of a reduced form investment equation in which different types of fundamentals and financial variables are included as explanatory variables.
The results show that revenue indicators and financial variables are still statistically significant determinants of firm-level investment even when investment opportunities are proxied by the profitability shocks and the mandated investment rate. But the interesting outcome is that the explanatory power of financial variables for investment drops significantly when the profitability shocks and the mandated investment rate are the fundamental variables. For the purpose of comparison, the same analyses are repeated using Tobin's q instead of the recently-introduced fundamentals. The empirical results produced by Tobin's q are different from the ones mentioned above, but exactly as expected in the financial market imperfections literature: financial variables are relatively more significant in explaining investment compared to fundamentals. These results point out that the statistical and economic significance of financial variables indeed would be caused by inadequacy of Tobin's q, or any other fundamental, in capturing investment opportunities.
The other interesting result for revenue management is that the link between investment, revenue indicators, financial variables, and fundamentals change when firms are categorized according to different a priori criteria available in the financial market imperfections literature, used in identifying financially constrained versus unconstrained firms. The sub-sample analyses show that when Tobin's q is the fundamental variable, the response of investment to changes in financial variables is relatively higher for financially constrained firms as expected in the literature. On the other hand, the sensitivity of investment to revenue indicators and financial variables, such as the cash flow to capital ratio, is lower for expected-to-be financially constrained firms when the profitability shocks and the mandated investment rate are taken as fundamental determinants of investment. This result is in conflict with the predictions of the finance constraint literature. There might be two alternative implications of it. On the one hand, assuming that a priori criteria, such as the level of dividend payout, are sufficient to identify financially constrained firms, we may conclude that a higher cash flow-investment sensitivity cannot be a good indicator of financial problems since our results indicate that the sensitivity of investment to internal funds is lower for firms taking place in financially constrained groups. This is the issue argued by Kaplan and Zingales (1997) such that the least constrained and the most financially successful firms in their sample seem to depend primarily on their cash flow to finance their investment despite the availability of additional low cost funds. On the other hand, assuming that a high investment-cash flow sensitivity is a sufficient indicator of financial problems, our results, in this case, imply that a priori criteria used in selecting firms with possible financial problems are not successful in identifying them since investment by firms expected to be financially constrained is relatively less sensitive to internal funds.
In terms of future studies related to this topic, the robustness of the results across different industries can be investigated. One possibility is that the analyses in this study may focus only on durable-goods industries, which are more homogenous compared to nondurables industries.
A Details on the Calculation of Fundamentals
A.1 Tobin's q
The numerator of average Tobin's q is the sum of the market value of common stock, the liquidating value of preferred stock, the market value of long-term debt, and the book value of short-term debt. The denominator is the sum of replacement value of fixed capital and inventories. These variables are calculated as follows:
Replacement value of inventories: For firms using the first-in-first-out (FIFO) method, inventories are valued at current cost, thus the book value equals the replacement value for them. For firms using the last-in-first-out (LIFO) or any other method, inventories are valued at historic cost. While converting the book value to the replacement value, for the first year, the book value is taken equal to the replacement value. Following Salinger and Summers (1983) and Whited (1992) , the following formulas are used for the following years:
where INV t is the replacement value of LIFO inventories at time t and INV * t is their reported book value.
Market Value of Long-Term Debt: The method suggested by Bernanke and Campbell (1988) and Whited (1992) is used on converting the book value of long-term debt to the replacement value. Since the COMPUSTAT database provides only limited information on maturities of debt, it is necessary to construct the maturity distribution of long-term debt from historical information on debt issues. Firstly, following Brainard, Shoven and Weiss (1980), it is assumed that all long-term debts mature in twenty years. For the first year, each individual firm's maturity distribution is set equal to the aggregate taken from Historical Statistics of the United States, series X 499-509, p. 1005 for the years 1961-1970. I give equal weight to the maturity distribution for years 1971-80. Then, if D jt is debt due in j years at time t, LT D t is the reported value of long-term debt at time t, and DI t is the amount of debt issued at time t, the maturity distribution is updated as follows:
If LT D t − (LT D t−1 − D 1,t−1 ) < 0, debt due in one to nineteen years is scaled down by the factor:
The actual values of debt due in one to five year are available in COMPUSTAT. This values are replaced by the calculated values and the rest of the maturity distribution is rescaled in order to be consistent with total amount of long-term debt:
where D a jt is the adjusted value of debt due in j years and D * jt is the reported value of debt due in j years for j equal to one to five.
The final modification adjusts the book value of total book value of debt to the reported interest expense consistent with that implied by assuming that the firm's interest expense at time t is the Baa rate at time t. The new value of total book value is scaled as follows:
where NLT D t is the scaled value of long-term debt at time t, Baa t is the interest rate on grade Baa bonds at time t and IEX t is the book value of interest expense at time t. Then the new maturity distribution is set proportional to the old distribution. Market value of Equity: The value of common stock at the beginning of each year is estimated, following Salinger and Summers (1983), as the closing price of a share of stock for each company in year t − 1 times the number of outstanding shares at t − 1. The value of preferred stock is estimated by dividing preferred cash dividends by the Standard and Poor's preferred stock yield (taken from CITIBAS database).
A.2 Frictionless Capital
The method to obtain the frictionless capital stock is taken from Caballero, Engel, and Haltiwanger (1995) , and applied to the firm-level data. 32 All frictions are assumed to be absent, including time-to-build assumption, and any adjustment costs. Y represents the 32 See Bayraktar (2002) for details.
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value of output of an individual firm, where imperfect competition is assumed, and fixed factors other than capital produce a decreasing returns:
where A, K, and L are profitability shocks, capital stock, and flexible factors, respectively. α K is the capital share of production and α L is the one for the flexible factor. Optimizing over flexible factors yields a profit function:
where w L is the price of flexible factors. Given this equation, frictionless capital is defined as
where c is the cost of capital. After some manipulations and taking the logarithm of the above expression, the frictionless capital level is expressed as
, and y is equal to the log of real output, which is defined as the sum of the real sale value of goods plus changes in the real value of finished goods inventories, and k is equal to the log of real capital. η is a decreasing function of the curvature of the profit function with respect to capital, which is approximately equal to: 33
where α is the cost share of capital, which is estimated at the 4-digit industry level. The cost of capital, c, is defined as
where r t is the real interest rate, which is equal to the average nominal Baa corporate bond rate minus the measure of expected inflation from the Livingston Survey of twelve-month inflation expectations. δ t is the depreciation rate taken from the 2-digit unofficial BLS data set. In this set, depreciation rates are given for three asset groups for each 2-digit industry. I used the wealth share of assets as a weight to calculate the average depreciation rate in each 2-digit industry group. pi t is the new capital expenditures deflator and p t is shipments price 33 Details on the calibration of parameters are given in Table A1. deflator taken from Gray and Bartelsman data set (at the 4-digit industry level). The tax parameter, ϕ t , is taken from the BLS database such that:
where τ t is the corporate income tax, z t is the present value of $1 of tax depreciation allowances, and κ t is the effective rate of investment tax credit. This equation is given for 93 assets for each two-digit industry level. In order to find the two-digit weighted average values, the wealth share of assets in each industry is used.
A.3 Calculation of profitability shocks
This section explains the second way of calculating profitability shocks through the first order condition of maximizing a profit function with respect to labor. It is assumed that a firm maximizes the following profit function with respect to labor:
where A is the profitability shock that contains both aggregate and idiosyncratic shocks, b A is the shock to the revenue function, K is the capital stock, L is labor, and w represents the wage of labor. Assuming that the product market is imperfectly competitive, the revenue function is defined as
where the constant returns to scale Cobb-Douglas production function is assumed:
where α L and α K are the production function coefficients on labor and capital. The demand curve is given as
where ξ is the elasticity of the demand curve. Thus, the revenue function equals:
From the first order condition with respect to L, the optimum value of L is:
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After plugging this optimum labor back into the profit equation, it becomes:
, and from
.
Note that (A 1 − A 2 ) is the profitability shock, A, which is equal to
¾ .
In terms of calibration, θ is estimated by regressing the log of real profit data on the log of real capital using firm-level panel data. Its value is estimated at 0.61. α L is estimated as 0.73 again using firm-level data. 34 
These coefficients imply a demand elasticity of -0.15 and a markup of about 18 percent. 35 34 αL is estimated using cost shares. The cost share of labor is calculated as the ratio of wages times employment level to the sum of the rental price of capital times capital level and wages times employment level. The employment and capital data are from COMPUSTAT database. While the rental price of capital series is obtained from BLS database, the wage data is from Gray and Bartelsman's 4-digit dataset. 35 Details on the calibrated parameters are given in Table A2 . 
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Note: The estimation technique is OLS. Time and firm dummies are included. t-statistics are given in the parenthesis. The dependent variable is the investment rate. ait is the profitability shocks (first-order), rait is the profitability shocks (residuals), kit is the mandated investment rate, and qit is Tobin's q. CF_K stands for the cash-flow-to-capital ratio, Sales_K stands for the net sales to capital ratio, WorkingK_K is the ratio of working capital to capital. Class 1 (Class 2) firms are defined as the lower (higher) 50 percentile of the firms when they are sorted by their average capital stock size. Note: The estimation technique is OLS. Time and firm dummies are included. t-statistics are given in the parenthesis. The dependent variable is the investment rate. ait is the profitability shocks (first-order), rait is the profitability shocks (residuals), kit is the mandated investment rate, and qit is Tobin's q. CF_K stands for the cash-flow-to-capital ratio, Sales_K stands for the net sales to capital ratio, WorkingK_K is the ratio of working capital to capital. Class 1 (Class 2) firms are defined as the lower (higher) 50 percentile of the firms when they are sorted by the number of their employees. 
